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A METHOD FOR PROMOTING TISSUE REGENERATION ON WOUND 
SURFACES AS WELL AS A DEVICE AND A TREATMENT INSTRUMENT OR 



[0001] The invention lies in the field of medical technology. The method serves for 
promoting tissue regeneration on surfaces of wounds caused by surgery, injury or 
disease, which wound surfaces are to intergrow with other wound surfaces or with an 
implant, or are to heal into tissue surfaces (natural tissue surfaces or scars) by way of 
tissue regeneration. The method serves in particular for the treatment of such wound 
surfaces in bone tissue. The invention further relates to a device and a treatment 
instrument or implant according to the preambles of the corresponding, independent 
claims, device and instrument or implant all serving for carrying out the method. 



[0002] According to the state of the art the mentioned wound surfaces caused by 
surgical operation, injury or disease are treated by way of curettage or avivement, that 
is to say they are mechanically scraped or scratched, by which means the tissue layers 
lying directly on the wound surface are removed in order to get a fresh wound surface. 
Additionally to the mentioned, mechanical treatment or independently of this, such 
wound surfaces are treated chemically also, by which treatment cells or other 
undesired biological elements in the region of the wound surface are destroyed or 



IMPLANT FOR CARRYING OUT THE METHOD 



BACKGROUND OF THE INVENTION 



1. FIELD OF THE INVENTION 



2. DESCRIPTION OF THE RELATED ART 
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denatured. The aim of the mentioned treatments is to produce wound surfaces which 
are as fresh as possible and which are free of undesired biological elements (germs 
causing disease, tissue-foreign cells, diseased cells such as tumour cells after removal 
of a tumour) which may negatively influence the desired tissue regeneration. A further 
aim of the treatments is to encourage metabolism in the region of the wound surface 
and thus to positively influence tissue regeneration. 

[0003] The above cited, mechanical treatment methods are carried out with 
scraping or scratching instruments (curettes) and for this reason are quite difficult to be 
adapted for minimal-invasive (endoscopic) surgery. For implantations a further problem 
concerns the fact that the treatment of the wound surface which is to intergrow with the 
implant, needs to be carried out before the implant is positioned and that for this reason 
the treatment is ineffective against undesired cells, such as connective tissue cells and 
mucous cells which have been carried with the implant onto the wound surface. Such 
cells often lead to a layer of connective tissue between the implant and the tissue 
surrounding the implant which layer delays or even prevents a desired, stable 
intergrowth between the implant and the tissue. 

[0004] The publication US 6139320 (Hahn) describes a method of the dental field 
which method serves for the abrasive treatment of surfaces of teeth to be restored or of 
bone surfaces surrounding a tooth. For this abrasive treatment a slurry of abrasive 
particles and an instrument excited by ultrasonic oscillation are used, wherein the 
instrument brings the slurry into a high turbulence in a manner such that the dentine or 
bone tissue is removed by way of cavitation. During the operation the slurry is 
continuously rinsed around the instrument, which means that the slurry is also used to 
transport away removed material. For the treatment, the instrument must be positioned 
in a manner such that there is always a slurry film between the surface to be treated 
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and the instrument. There is no cavitation effect if there is no distance between the 
instrument and the material to be removed (no slurry film), and neither if this distance is 
too large. 

[0005] The device used for the abrasive treatment according to US-61 39320 
comprises an electro-mechanical transducer or oscillation drive (produces mechanical 
oscillation from electrical oscillation, for example using piezoelements). A deflection 
element is coupled to the oscillation drive, as the case may be via a booster (amplifier), 
and this element deflects the axial oscillations of the oscillation drive by for example 90° 
or 120°. The instrument used for the abrasive treatment is coupled to the deflection 
element in a manner such that it extends in the direction of the deflected oscillations 
and therefore oscillates in the direction of its axis. 

[0006] In order to adapt a tooth opening to be created or to be finished by the 
proposed abrasive treatment to a filling element to be positioned in the opening, US- 
61 39320 suggests to use the filling element directly as an ultrasonic instrument. Since 
a fluid film between the instrument and the surface to be treated is necessary for the 
abrasive treatment (see above), the opening created with the help of the filling element 
cannot represent a tight seat for the filling element. This means that the filling element 
must finally be fastened into the opening e.g. with cement, in which case the cement 
cannot be applied until after the opening has been created. 



SUMMARY OF THE INVENTION 



[0007] It is the object of the invention to create a method for promoting tissue 
regeneration on wound surfaces, wherein the wound surfaces, by way of tissue 
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regeneration, are for example to grow together with other wound surfaces or with an 
implant, or are to heal into tissue surfaces. At the same time the method according to 
the invention is to be easily applicable for minimal-invasive surgery. The results 
achieved by the method according to the invention are to be at least as good as the 
results achieved with known methods serving the same purpose. Furthermore, the 
method is to permit to solve the above-discussed problem of the undesired cells carried 
onto wound surfaces by implants. It is a further object of the invention to provide a 
device for carrying out the method, as well as a treatment instrument or implant for 
carrying out the method. 

[0008] The mentioned objects are achieved by the method, the device and the 
treatment instrument or implant as defined in the claims. 

[0009] The method according to the invention is based on the discovery that by way 
of mechanical oscillation, for example ultrasonic oscillation, being coupled into a wound 
surface to be treated, a mechanical and thermal effect is achieved which effect is well 
controllable with regard to intensity, depth and locality. Depending on the intensity and 
on the kind of tissue in the wound surface, the named effect produces a controlled 
trauma or a targeted necrosis or cell destruction. By way of irritation and trauma the 
metabolism is stimulated and by way of trauma, necrosis or cell destruction, 
undesirable biological elements are destroyed or denatured. Both mentioned effects 
are known to promote tissue regeneration. In addition the tissue in the region of the 
treated wound surface, in particular bone tissue may be mechanically modified by the 
mechanical effect of the oscillation, for example may be slightly compacted, or may be 
slightly dislocated, which likewise appears to positively influence tissue regeneration. 
[0010] According to the invention, mechanical oscillation, in particular ultrasonic 
oscillation is coupled into the wound surface to be treated and by way of this the tissue 
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of the region of the wound surface is vibrated (mechanical effect) and a thermal effect 
is achieved by damping of the oscillation in the tissue. As the method can be adapted 
very accurately to given conditions, thus destroying only a necessary minimum of 
tissue in the process, the removal of material from the treatment area during or after 
treatment is not needed in the method according to the invention. 
[001 1] Either a treatment instrument or an implant serves for coupling the oscillation 
into the wound surface, wherein the instrument or implant is designed as an oscillation 
body being actively connected to an oscillation drive, possibly via a further oscillation 
body. The individual elements of the oscillation system are advantageously matched to 
one another and to the excitation frequency in a manner such that they oscillate in 
resonance. A device for carrying out the method according to the invention comprises 
an oscillation drive and, as the case may be, one or more oscillation bodies coupled to 
the oscillation drive, wherein the treatment instrument or implant is coupled or is 
couplable to the oscillation drive or to one of the oscillation bodies. The coupling for a 
treatment instrument is a fixed or releasable connection. For an implant the coupling is 
realised by a releasable connection or by simply placing the device onto a coupling 
surface of the implant. 

[0012] For the treatment, an instrument is brought into contact with the wound 
surface to be treated, i.e. it is pressed against the surface as well as oscillated. The 
implant is positioned in the tissue and is then pressed against the tissue and oscillated, 
or it is advantageously positioned while already oscillating (e.g. into a tissue opening 
which is slightly smaller than the instrument or implant, or as a self-cutting implant 
without a previously created tissue opening, or into a tissue opening which is at least in 
parts considerably smaller than the implant). The contact between the instrument or 
implant and the wound surface can be stationary or the instrument or implant can be 
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moved across the wound surface. The contact between the instrument or implant and 
the wound surface is preferably a direct contact. For this contact the treatment 
instrument or implant comprises contact surfaces, which are advantageously equipped 
with energy directors. Such energy directors are elements projecting out of the contact 
surface in the form of e.g. cones, pyramids, ribs or edges. They serve for concentrating 
the energy to be coupled into the wound surface to points or lines and thus multiplying 
it. The energy directors project from the contact surface by 50 |jm to 2 mm and are 
adapted to the way in which the instrument or the implant is moved during the 
operation in relation to the wound surface. The mechanical oscillations thus coupled 
with the tissue by the individual energy directors should be able to scan the entire 
wound surface. It is evident that the effect of the coupled sound according to the 
invention achieves a depth or expansion of 3 to 5 mm in bone tissue. This value 
naturally depends on operating time and power density (effective amplitude x 
frequency), and depending on the tissue is limited by the regeneration capacity of the 
locally produced trauma. Consequently the distance between the energy directors for 
an instrument or implant applied stationary to the wound surface during treatment 
should not exceed 6 to 10 mm and is preferably 2 to 5 mm. The same applies to the 
energy directors on implants or operation instruments which are moved only in one 
direction in relation to the wound surface (implanting direction), e.g. ridged or edged 
energy directors extending parallel in implanting direction. The distance between these 
energy directors should not exceed 6 to 10 mm providing the implant surface between 
them extends smoothly and does not considerably contribute to the energy input. 
[0013] An implant used for carrying out the method according to the invention is 
positioned advantageously already under the influence of the oscillation in a tissue 
opening, or it is driven into the tissue with just a partial or no opening, wherein the 
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implant is dimensioned such that with this positioning, the energy directors of the 
contact surface dislocate or compact the tissue in a furrowing manner, and thus create 
an intensive contact between the wound surface and the energy directors. 
[0014] In cases where such a direct contact is not possible due to reasons of space 
for example, the oscillation of the instrument or of the implant is coupled into the wound 
surface to be treated via a coupling medium, which may be liquid, gel-like or solid (e.g. 
a film). The coupling medium conducts the oscillation (e.g. ultrasound) to be coupled 
into the wound surface well, i.e. it absorbs as little as possible oscillation energy and 
transmits the oscillation to the tissue to be treated with as little loss as possible. With 
the aid of the coupling medium which is not removed from the wound surface neither 
during nor after treatment, it is possible to also achieve a chemical-therapeutic effect on 
the wound surface to be treated or on tissue regions lying below the wound surface. 
For achieving such an effect, substances such as inflammation inhibitors, growth 
factors, zytostatic agents, radiation means, photosensitizers etc. are added to the 
coupling medium. Such substances may also be introduced into the tissue bordering 
the wound surface in a targeted manner by way of the oscillation. Physiological salt 
solution which is absorbed by the tissue after the treatment is an example of a suitable 
coupling medium. 

[0015] Implants which are suitable for treating wound surfaces surrounding the 
implant according to the invention may have the most varied of implant functions. They 
are for example implants having a mechanical function (support or holding function) 
and/or a release function (e.g. the release of therapeutically effective substances or 
particle radiation or non-particle radiation) or they are space holders for missing tissue 
parts which, as the case may be, only have a temporary function and therefore consist 
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at least partly of resorbable material or material able to be integrated into regeneration 
tissue. 

[0016] If an implant is set into oscillation for the treatment of a wound surface this 
means that the treatment is carried out during and/or after positioning the implant and 
that the traumatic or necrotic effect achieved by way of the treatment in particular also 
acts on the undesired cells (e.g. connective tissue cells, mucous cells, tumour cells) 
which have been brought onto the wound surface with the implant, so that these calls 
can no longer inhibit the intergrowth between the tissue and the implant. 
[0017] For an implant to be able to act as an oscillation body, i.e. as a body 
transmitting oscillation with minimal loss, and therefore to effect the above-described 
treatment of the wound surfaces surrounding it, the implant consists of a material 
having a modulus of elasticity of at least 0.5 GPa and is not substantially deformed by 
the oscillation (not even in the region of the energy directors when these are in contact 
with the wound surface). I.e. the implant material does not plasticize or liquefy even 
where it touches the wound surface, as is a prerequisite for the method according to 
the publication WO-02/069817 for creating connections with the tissue. Metallic 
implants of e.g. titanium or implants of a ceramic material fulfil this condition without 
any problem. For exciting the implant e.g. a sonotrode of an ultrasonic apparatus is 
pressed against a coupling surface provided on the implant, or the implant is rigidly but 
releasably fastened to such a sonotrode. A coupling element may be inserted between 
sonotrode and implant. The same conditions of course apply also to instruments which 
are to be used for carrying out the method according to the invention. 
[0018] Experiments show that treatment of wound surfaces with oscillation energy 
coupled into the wound surfaces according to the invention achieve good results when 
using frequencies of 1 to 200 kHz, oscillation amplitudes in the region of 1 to 400 pm 
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and energies in the region of 0.2 to 20 W per square millimetre of active surface. These 
good results can be recognised in histological sections as increased densities of vital 
cells and as signs of high biochemical activity in the region of the treated wound 
surfaces, which both favour a rapid and problem-free regeneration of tissue, e.g. in the 
form of intergrowth or healing. The energy used for the treatment is controllable via the 
frequency and amplitude of the applied oscillation, via the transmission of this 
oscillation to the instrument or implant and in particular also via the treatment time. The 
treatment may be carried out in a single treatment period or in a plurality of shorter 
treatment periods separated from one another by pauses, wherein the effective 
treatment time is a few seconds at the most. 

[0019] As indicated further above, the effect of the oscillation energy coupled into 
the wound surface is a mechanical and a thermal one. The relative share of both 
effects is dependent on oscillation damping in the tissue (higher damping results in a 
higher thermal component, less damping results in a more mechanical effect). In a 
relatively hard tissue such as bone tissue thus the mechanical effect is not negligible, 
which in such a tissue may also lead to tissue compacting or displacement as already 
discussed further above. 

[0020] The method according to the invention as well as exemplary embodiments of 
the device and of treatment instruments and implants for carrying out the method are 
described in detail in combination with the following figures, wherein: 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0021] Fig. 1 shows the treatment of a wound surface in a wound created by 
surgery, by injury or by disease, using an oscillating treatment instrument which is 
coupled to an ultrasonic hand device; 

[0022] Fig. 2 shows the treatment of a wound surface which is created by the 
positioning of a screw-shaped self-cutting implant; 

[0023] Figs. 3 to 8 show exemplary embodiments of treatment instruments or 
implants according to the invention, which instruments and implants comprise contact 
surfaces equipped with energy directors; 

[0024] Fig. 9 shows an embodiment of an element for amplitude and/or 
direction transformation, which element is applicable in a treatment device according to 
the invention; 

[0025] Figs. 10 and 11 show further embodiments of instruments for carrying out 
the method according to the invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0026] Figure 1 shows the treatment of a wound surface 1 of a tissue wound 
created by surgery, injury or disease, for example a wound in a bone created by 
removal of a tumour. The treatment essentially comprises contacting the wound 
surface 1 to be treated with a treatment instrument 2, wherein the instrument 2 is 
formed as an oscillation body and is connected to an oscillation drive directly or via one 
or more further oscillation bodies 3 (booster, transmission element) which transform the 
oscillation direction and/or amplitude. The oscillation drive and the further oscillation 
bodies for example are components of a hand device 4, for example a hand-guided 
ultrasonic device. The oscillation drive for example comprises a stack of piezoelements 
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which are set into mechanical oscillation by an electrical drive frequency. The 
oscillation drive and the treatment instrument 2 and, where appropriate, a further 
oscillation body or further oscillation bodies (booster, transmission element etc.) are 
designed such that they oscillate in resonance at the excitation frequency of the 
oscillation drive. 

[0027] Applicable ultrasonic apparatus are for example known from dental medicine 
where they are used for removing tartar, or from the initially mentioned publication US- 
6139320 (Hahn). 

[0028] The instrument 2 may also be driven in oscillation via a relatively long and 
thin transmission element which is capable of oscillation and is possibly flexible, thus 
rendering the arrangement suitable for minimal-invasive surgery. 
[0029] Figure 2 shows the treatment of a wound surface 1 , which is created by 
positioning a self-cutting implant 5 and surrounds the implant. The implant 5 is for 
example, as shown, a self-cutting screw being driven into a bone for fastening a plate 
6. The screw is driven into the bone tissue by rotation and after this driving-in or already 
during the driving-in ultrasound is applied to it. The oscillations are coupled into the 
bone tissue particularly in the region of the thread acting as energy directors. According 
to the aforementioned model the threads are therefore to be set apart by no more than 
6 to 10 mm provided the surface in between is free of differently designed energy 
directors. 

[0030] To drive in the implant shown in Fig. 2, e.g. an appropriately shaped 
sonotrode 7 of an ultrasonic apparatus is placed onto the head of the screw and is 
pressed against it. The sonotrode may also serve for rotating the screw, wherein 
through the oscillation torque or friction to be overcome respectively, is significantly 
reduced. For being able to rotate the screw, the sonotrode is arranged rotating on a 
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hand apparatus and, as shown in Fig. 2, is designed for being placed on or fastened to 
the screw head in a rotationally secure manner (e.g. square). Of course, it is possible 
also to drive the screw in using a known tool and only then applying the ultrasound. 
[0031] Figures 3 to 8 show exemplary embodiments of the distal ends of treatment 
instruments or implants for carrying out the method according to the invention, which at 
the contact surfaces comprise various energy directors. The distal end of a treatment 
instrument does not in principal differ from the distal end of an implant since they are 
designed for carrying out the same method. The proximal end of treatment instruments 
advantageously comprises means for a releasable coupling to a device comprising an 
oscillation drive, but may also be fixedly coupled to such a device. The proximal end of 
implants may likewise comprise means for a releasable coupling to a device 
comprising an oscillation drive. The proximal implant end may also simply comprise a 
coupling surface being suitable for oscillation coupling by pressing an oscillating body 
against it. 

[0032] Figure 3 shows a cross section of an implant 5 according to the invention 
(e.g. dental implant) which implant is positioned in a tissue opening 10. The implant 
comprises axially running edges 1 1 by way of which the wound surface 1 to be treated 
(inner surface of the tissue opening 10) are slightly furrowed and which in this manner 
serve as energy directors. The implant is impinged with e.g. ultrasound during and/or 
after its positioning in the tissue opening 10. For this purpose it is fastened on a 
sonotrode or it is pressed into the tissue opening by way of the sonotrode. Fig. 3 may 
also be understood as a cross section through the distal end of a treatment instrument 
2. As the implant or instrument, due to its furrowing action, can only be moved axially in 
the tissue opening, the distance between the edges 1 1 must not exceed 6 to 10 mm, in 
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particular when the furrowing concerns only a small part of the wound surface as 
illustrated in Fig. 3. 

[0033] Figure 4 shows a further implant 5 (where appropriate also the distal end of 
a treatment instrument) which is particularly suitable for carrying out the method 
according to the invention if it is positioned in a conical or stepped tissue opening. The 
implant 5 has a distal tip 40 and a plurality of essentially cylindrical (where appropriate 
slightly conical) regions 41 , wherein the diameters of the cylindrical regions 41 increase 
away from the tip 40 and wherein the tip 40 and cylindrical regions 41 comprise axially 
running, projecting edges 1 1 which furrow the inner surface of the tissue opening 
(wound surface) provided for the implant. Depending on the density of the bone the 
extent of the pre-existing or prepared tissue opening can be adjusted to the 
requirements. In the case of spongious or osteoporal bone it may be possible to drive 
the implant into the bone tissue without an opening, wherein the implant advances by 
compressing the bone. The steps between the cylindrical regions 41 are also shaped 
as furrowing edges 42. 

[0034] The proximal end face 43 of the implant 5 is designed as a coupling surface 
for co-operation for example with a sonotrode, i.e. it is designed such that a sonotrode 
for example may be held against it and the oscillation of the sonotrode is transmitted to 
the implant. This proximal end face 43 is for example a planar surface being as smooth 
as possible. 

[0035] Figure 5 shows very schematically a diagram of amplitude versus time t for 
oscillation as it is advantageously coupled into an implant as shown in Figs. 3 and 4. 
Coupling achieved by merely positioning an oscillating part onto the implant can 
transmit only oscillation parts in one direction (pushing only, no pulling, so-called 
semioscillation). This generates an amplitude only on one side of the abscissae (semi- 
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amplitudes, here the positive side). It proves to be advantageous to superimpose an 
oscillation of relatively high frequency (e.g. ultrasonic sound) and small amplitude (1 to 
100 pm) with an oscillation of low frequency (several tens to several hundred hertz) and 
a considerably higher amplitude (several hundred pm). The stronger 'pulses 1 are used 
in particular to drive in the implant and the high frequency oscillation for the treatment 
of the wound surface. Similar effects can be produced if e.g. increased acceleration 
and therefore higher impulses are generated by at least occasionally changing the 
wave mode (e.g. saw tooth instead of sine wave). 

[0036] Figures 6A to 6C show a further exemplary implant 5 comprising, as the 
implant of Fig. 4, furrowing edges which extend axially on one hand and around the 
implant's periphery on the other. The implant is shown three-dimensionally in Fig. 6A, 
as an axial section in Fig. 6B, and as a cross-section in Fig. 6C. The implant 5 may be 
e.g. a dental implant being implanted into a conical opening of a jaw bone, wherein the 
axially extending edges 1 1 furrow the inner surface of the opening essentially during 
the entire implantation motion (implant direction: arrow I) and the edges 42 extending 
along the implants periphery at least during a last phase while touching the inner 
surface. To enable the edges extending around the implant to contribute to the 
implant's stability, they are advantageously designed facing the distal end of the 
implant, slightly protruding and being undercut, as apparent from Fig. 6B. It may also 
be advantageous to allow the edges running around the implant a certain clearance 
angle, as illustrated, in order to e.g. further concentrate the energy input. It is not a 
condition therein that the edges 42 extend at a constant axial height or all around the 
implant. Likewise it is not a condition that the axial edges extend continuously or in the 
same number or same geometry over the whole axial length of the implant. 
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[0037] Figures 7 and 8 show distal ends of treatment instruments 2 (or where 
appropriate implants) which have a contact surface 15 with a pattern of energy 
directors 16 (e.g. pyramids protruding from the contact surface). The instrument 2 
represented in Fig. 7 may be designed for axial oscillation (double arrow A) or for 
bending oscillation (double arrow B). The instrument shown in Fig. 8 is advantageously 
designed for axial oscillation. The gaps between the points of the energy directors need 
to be adjusted to a relative movement between instrument and wound surface in such 
a manner that every region of the wound surface to be treated is positioned at least 
once in an area not more than 3 to 5 mm distanced from such a point, preferably within 
1 to 2.5 mm from such a point. If the instrument is not to be moved relative to the 
wound surface, the points need to be arranged no further apart than 6 to 10 mm 
(preferably at a distance of between 2 to 5 mm from each other). 
[0038] Figure 9 shows an amplitude-transforming and/or direction-transforming 
element 20 which was already discussed further above and which is incorporated in a 
device according to the invention, advantageously between the treatment instrument 2 
or as the case may be the implant, and the oscillation drive 21 or a booster. However, 
element 20 may also serve itself as treatment instrument. 

[0039] The element 20 for example is annular. It is designed in a manner such that 
with a predefined excitation frequency it oscillates in resonance and specifically in the 
radial direction with four nodes K (points of minimal oscillation amplitude and two- 
dimensional oscillation) and four points M1 to M4 of maximal oscillation amplitudes 
(one-dimensional oscillation). In axial direction the ring is dimensioned such that 
oscillation with an axial amplitude remains negligible. By designing the ring with a 
varying radial thickness, or with local recesses in the ring (locally varying mass), or with 
corresponding local stiffening, various amplitudes can be achieved at the points M1 to 
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M4. The amplitude is smaller at such points of high mass or great stiffness than at 
points of smaller mass or smaller stiffness. 

[0040] For the element 20 represented in Fig. 9 the points M1 , M3 and M4 have 
greater local masses than point M2, which thus oscillates with a greater amplitude 
(illustrated by the longer double arrow). If further elements (e.g. treatment instrument 2) 
are coupled at points M1 to M4, their effect with respect to local ring mass and ring 
stiffness is to be taken into account, or is to be compensated accordingly at the other 
points. 

[0041] The oscillation drive 21 (where appropriate via a booster) is advantageously 
coupled to the ring at a point of maximal oscillation amplitude (M1 to M4), transmitting 
the drive amplitude to this location. Depending on the application and depending on the 
design of the oscillation drive 21 , a treatment instrument 2 for a high amplitude and 
one-dimensional oscillation is coupled to a point M, or for a small amplitude and two- 
dimensional oscillation to a point K. 

[0042] According to Fig. 9 the instrument 2 is coupled to point M2 (lowest local ring 
mass or lowest ring stiffness, thus largest amplitude), and the oscillation drive 21 to 
point M1 so that the ring functions as an amplitude amplifier and as a direction 
transformer (90°). If the oscillation drive 21 is coupled to point M4 the element 20 acts 
as an amplitude amplifier only. 

[0043] An amplitude-transforming and/or direction-transforming element 20 
according to Fig. 9 for an excitation frequency of approx. 20 kHz for example is a ring 
of steel with a diameter of approx. 8mm to which instruments of approx. 0.5 g weight 
may be coupled. For the instrument to be able to function as a resonator it should have 
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a length which corresponds to half the wavelength (for steel and 20 kHz: approx 14 
mm) or a multiple of this. 

[0044] Instead of the instrument 2 being coupled (e.g. moulded) to element 20 as 
shown in Fig. 9, a corresponding extension (not illustrated) may be provided in this 
place, which extension is placed on the proximal face of an implant for simultaneously 
driving the implant into the tissue opening and exciting it to vibrate. 
[0045] Amplitude-transforming and/or direction-transforming elements applicable in 
the method according to the invention are generally geometric bodies such as beams, 
rings or hollow balls. Annular elements may also have shapes which are not circularly 
round, but are e.g. polygonal. The rings may also be designed for oscillation for 
example with three, five or more nodes, that is to say for direction transformation with 
angles other than 90°. For direction-transformations in three-dimensional space, 
element 20 is designed as a hollow body, for example a hollow ball or a hollow 
polyhedron. The rings as well as the hollow bodies may have a plurality of coupling 
locations for an instrument 2 or where appropriate for an implant as well as for the 
oscillation drive 21. 

[0046] As the case may be it is not necessary to couple a treatment instrument 2 to 
the element 20 but to apply the element 20 itself for the treatment, wherein in such a 
case it is advantageous to provide the outer surface of the element 20 with energy 
directors. 

[0047] Since the design of the instrument 2 as well as the characteristics of its 
oscillation are to be adapted to specific applications, it is advantageous to design the 
instrument 2 and the amplitude-transforming and/or direction-transforming element 20 
as a unit and for different direction transformations for example to provide it with 
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various coupling locations for coupling to a standard oscillation drive 21 being e.g. 
integrated in a hand apparatus. 

[0048] Such a unit of an amplitude-transforming and/or direction-transforming 
element 20 and an instrument 2 is shown in Figure 10. The treatment element 2 is 
coupled to point M2 of the amplitude-transforming and/or direction-transforming 
element 20. At points M1, M3 and M4 coupling elements 30 are provided, for example 
snap elements by way of which a booster element of the oscillation drive 21 is pulled 
into a seat 31 of the element 20 with a non-positive fit. The larger the snap force is, the 
closer to the exciting wave will the transferred wave be. 

[0049] For minimal-invasive methods it is advantageous to provide means which 
permit changing the coupling between element 20 and the oscillation drive 21 (which 
may also be designed to be flexible and to have a length of a multiple of half the 
wavelength for endoscopic use) when the distal end of the device is already positioned 
for treatment, i.e. when it is located in the treatment region. The element 20 is for 
example coupled to the drive at point M4 (no frequency transformation and smallest 
dimension of the device transverse to the introduction direction) for the introduction to 
the treatment region, and at point M1 or M3 (direction transformation in each case 90°) 
for the treatment or for part of the treatment. 

[0050] Instead of coupling the instrument 2 to the outer side of the element 20 as 
shown in Figs. 9 and 10 the instrument 2 may also be coupled on the inner side of the 
element and on the opposite side may project through a suitable opening 35, as this is 
shown in Figure 11. This is particularly advantageous if for reasons of space (e.g. a 
device for a minimal-invasive method) the instrument is to project as little as possible 



Page 18 of 19 



Substitute Specification 

Serial No. Not Yet Assigned; Filed Herewith 

Attorney Docket No. FRG-15988 

Customer No. 40854 

Page 19 of 19 

beyond the element 20 and all the same it needs to have a predefined length for 
resonance reasons. 

[0051] Treatment instruments 2 which in each case are rigidly connected to an 
amplitude-transforming and/or direction-transforming element 20 exactly matched to 
the instrument make it possible to achieve optimal treatment conditions for the most 
varied of applications using only one apparatus supplying essentially one excitation 
frequency or a small number of selectable excitation frequencies. Such treatment 
instruments may not only be used in the method according to the invention but also in 
other methods in which vibrating treatment instruments are applied, in particular in 
various, per se known methods of dental medicine. 
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